Background/Aims: Accumulating studies have reported that IGF-1R (Insulin-like growth factor-1 receptor) is aberrantly expressed in NSCLC (non-small cell lung cancer), but the role of IGF-1R in NSCLC remains controversial. The present paper assessed the precise role of IGF-1R in NSCLC. Methods: We comprehensively searched PubMed, EMBASE, and Web of Science in March 2017. Combined HRs and ORs were used to evaluate the prognostic and clinicopathological significance of IGF-1R in NSCLC respectively. Results: A total of 10 eligible studies including 8 on overall survival, and 10 on clinicopathological features were identified from the databases. The results showed that high expression of IGF-1R was associated with shorter OS (overall survival) of NSCLC patients (pooled HR 1.17,95 % CI 1.00-1.36). In addition, we found that IGF-1R was related to smoking status (OR=1.82, 95 % CI=1.35-2.44) and IGF-1R tended to be highly expressed in SCC (squamous cell carcinoma) (OR=3.40 95 % CI: 1.95-5.95). Conclusions: In summary, this meta-analysis revealed that high expression of IGF-1R was associated with poor prognosis in NSCLC.
Introduction
Lung cancer is one of the major causes of cancer-related death worldwide [1, 2] . The data analysis results reported by cancer statistics 2017 estimated that 222, 500 new cases will be diagnosed with lung cancer and the death caused by lung cancer maybe 155, 870 [3] . Non-small cell lung cancer (NSCLC) is a major type of lung cancer which accounts for about 85% of all lung cancer cases [4] . Despite patients can be successfully treated by surgical resection, systemic chemotherapy and targeted drugs, the prognosis of NSCLC still remains poor [5, 6] . Therefore, it is of great importance to discover new biomarkers to predict the prognosis and therapy targets for NSCLC.
Insulin-like growth factor-1 receptor (IGF-1R) is a transmembrane heterotetrametric protein composed of 2 extracellular α and β subunits [7] . When IGF-1 and IGF-2 bind to the extracellular subunit domain of IGF-1R, the tyrosine kinase activity of IGF-1R can be activated and the activation of IGF-1R can trigger a cascade of reactions involving signal transduction pathways such as Ras, Raf and mitogen-activated protein kinase (MAPK) [8] . It is reported that the overexpression of IGF-1R can promote tumor growth, progression, invasion and metastasis [9] . A large number of studies have revealed that IGF-1R was dysregulated in a variety of cancers including breast cancer [10, 11] , liver cancer [12, 13] , gastric cancer [14] and lung cancer [15, 16] , suggesting a vital role of IGF-1R in cancers.
Up to date, IGF-1R has attracted increasing attention because of its important role in promoting NSCLC progression. It has been reported by Cappuzzo et al. [17] that IGF-1R was positive in 76.4% of patients with NSCLC. A phase II study showed that agents which target at IGF-1R exhibited a promising efficacy against advanced NSCLC [18] , whereas, the prognostic value of IGF-1R is still controversial. Yamamoto et al. [9] demonstrated that the overall survival (OS) in NSCLC patients with IGF-1R-high expression was significantly poorer than those in IGF-1R-low expression patients, however, Kim et al. [19] revealed that the expression level of IGF-1R in NSCLC was not related to OS. To clarify the precise prognostic and clinical value of IGF-1R in NSCLC, a meta-analysis is needed. In our study, by combing results from the available data, we sought to make an objective evaluation of the prognostic and clinical value of IGF-1R in NSCLC.
Materials and Methods

Search strategy
A literature search was performed in March 2017 in PubMed, EMBASE, and Web of Science. The key search items were "type 1 insulin-like growth factor receptor", "insulin-like growth factor 1 receptor", "IGF-1R" and "lung cancer", "lung tumor", "lung carcinoma", "lung neoplasm" "NSCLC" and "non-small cell lung cancer". The literature search was limited to human studies and articles written in English. Besides, we reviewed relevant reference of the retrieved articles to identify potentially eligible studies.
Inclusion and exclusion criteria
The inclusion criteria are as follows: (1) prospective or retrospective cohort studies on patients with NSCLC; (2) researches assessed the prognostic or clinical value of IGF-1R in NSCLC; (3) researches provided hazard ratios (HRs) or the information that allowed manual calculation of 95% CI; (4) studies published in English; (5) studies detect the expression of IGF-1R using immunohistochemically method; (6) studies investigated the role of IGF-1R in NSCLC. Accordingly, studies with the following criteria were excluded: (1) studies without usable data; (2) duplicate publications; (3) reviews, letters, single case reports; (4) animal studies. When there were duplicate studies for the same population, the latest published one was included. Only in this way could we avoid overestimating the value of HR.
Data extraction
Two investigators extracted the data from eligible studies independently and the following information was collected: name of the first author, year of publication, country, number of cases, clinical stage, detecting method, smoking status, pathological type, recruitment period, HR value and follow-up duration. We summarized the characteristics of the studies into a table format.
Statistical analysis
HR and its corresponding 95% CIs were used to assess the association between IGF-1R expression and OS in NSCLC. ORs (odds ratios) and 95% CIs were used to evaluate the relation between IGF-1R expression and clinical features. If an article didn't provide HRs values, Engauge Digitizer version 4.1 was used to get Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry [22] Kim [19] Lee [27] Tsuta [25] Yamamoto [9] Gong [24] 2009 German Ludovini [28] HRs values [20] . A fixed effect model was used when there was no obvious heterogeneity (I 2 ≤50%), otherwise, a random effect model was applied [21] . Sensitivity analysis was performed to test the reliability of the total pooled results by omitting the study sequentially. Begg's test was used for assessing the publication bias. Two-sided P < 0.05 was considered to be statistically significant. All analyses were carried out using Review Manager 
Results
Study selection and characteristics
As shown in Fig.1 , a total of 275 records were retrieved from PubMed, EMBASE and Web of Science, after we removed duplicates, 190 articles were remained to be screened. Then 163 studies that report on unrelated topics were excluded after we screened the titles and abstracts. Subsequently, the 27 remaining full-text articles were reviewed in depth and 20 studies including 5 review or meta-analysis, 1 article with same population, 3 studies evaluated IGF-1R expression that not in NSCLC, 11 with insufficient data were further excluded according to the exclusion criteria. Then 3 articles were identified through reviewing the references. Finally, a number of 10 articles were included in the current meta-analysis including 10 studies for clinicopahology and 8 studies for prognosis. Table 1 summarizes the main characteristics of the included studies. A total number of 1958 patients with the highest number of 379 and the smallest number of Among these studies, 1 is from Poland [22] , 1 is from USA [23] , 1 is from German [24] , 3 are from Japan [9, 19, 25] , 2 are from Korea [26, 27] and 2 are from Italy [17, 28] .
Prognostic value of IGF-1R expession in NSCLC
Eight studies investigated the relationship between IGF-1R expression and OS in total number of 1, 766 patients. Since no significant heterogeneity were exsisted among the studies ( I 2 =32%, P=0.17), a fixed-effects model was used. Meta-analysis of those studies showed that high IGF-1R expression was associated with poorer OS in NSCLC (pooled HR: 1.17, 95% CI: 1.00-1.36) (Fig. 2) . 
Relationship between IGF-1R and clinicopathological characteristics
There are 8 studies investigated the expression of IGF-1R in squamous cell carcinoma (SCC) and other kind of NSCLC with a total of 1522 patients. We used random-effects model since the significant heterogeneity among studies (I 2 =74 %, P＜0.001). The pooled OR value was 3.40 (95%CI: 1.95-5.95, Fig. 3A) , which implied that IGF-1R tend to be highly expressed in squamous cell carcinoma when compared to other kinds of NSCLC.
To explore whether the expression of IGF-1R is associated with smoking status, 9 studies with a total number of 1551 patients were included. P values displayed no obvious heterogeneity between the included studies (I 2 =42 %, P=0.09). Thus, the fixed-effect model was used. Our results demonstrated that high expression of IGF-1R were significantly related to smoking status (OR=1.82, 95% CI=1.35-2.44, Fig. 3B ).
Sensitivity Analysis and Publication Bias
Sensitivity analysis was performed to evaluate the influence of individual study on the pooled HR or ORs. One study was excluded each time and the results revealed that none of single study changed the corresponding pooled HR or ORs (Fig. 4) , which conformed the reliability of our results. We used Begg's tests to evaluate the publication bias of this metaanalysis. As shown in Fig. 5 , the shape of the Begg's funnel plots are symmetrical and all P values > 0.05.
Discussion
NSCLC is a common cancer worldwide. It is reported that the 5 year overall survival of NSCLC is poor and the risk of recurrence after surgical resection is high [29] . Thus identifying new biomarkers for NSCLC is urgently needed. IGF-1R is a transmembrane tyrosine kinase receptor which is activated through binding with IGF Types 1 and 2 [30] . Activated IGF-1R can regulate cell proliferation, differentiation, apoptosis, and transformation [31] [32] [33] [34] . Many studies have reported the involvement of IGF-1R in NSCLC [19, 23, 27] . Peled et al. [35] reported that high expression of total IGF-1R can predict resistance to gefitinib with a specificity of 76 % and a positive predictive value of 81 % in NSCLC patients. Yamamoto et al. [9] reported that high expression of IGF-1R was associated with lymph node metastasis．All the published available articles indicated that IGF-1R played important roles in NSCLC. A large number of studies have explored the prognostic value of IGF-1R in NSCLC, however the results were debatable. It is hard to know the exact role of IGF-1R in NSCLC, so our meta-analysis which explored the relation between IGF-1R and NSCLC is meaningful. Yamamoto et al. [9] concluded that NSCLC patients with high expression of IGF-1R tend to have poor overall survival, however, studies done by Gong [24] and Kim [19] showed no relation between IGF-1R and NSCLC overall survival, the discrepancy may be caused by the patients' different clinical stage and small sample size. By combining all the relevant articles, we got an objective and credibility conclusion that IGF-1R is associated with poor outcome in NSCLC patients. As we all know, IGF-1R can be a therapy target for cancer treatment, so we highly hold the view that it is especially better for NSCLC patients to take anti IGF-1R therapy.
There were some strengths of this study that should be noted. first, it is the first metaanalysis to analysis the relation between IGF-1R expression and clinical outcomes of NSCLC patients, second, the result of previous studies explored the association of IGF-1R and clinicopathological status of the NSCLC patients were discrepancy, by pooling all the related studies, we got a positive result, third, we found that IGF-1R was highly expressed in SCC compared to other kind of NSCLC, interestingly, a result of a randomized phase II study of IGF-1R antibody showed that the efficacy of IGF-1R antibody was prominent in SCC [18] , which maybe one explanation to the above result. Despite the advantages mentioned above, there are still some limitations existed. Firstly, there were different criteria for the definition of IGF-1R positive expression, which may reduce the reliability of our results, secondly, only English language papers were included, thus the data collection may be incomplete, thirdly, only 10 studies were included in our present meta-analysis, the sample size maybe a little small, fourthly, HRs and 95% CI were extracted from survival curves in several papers, which may generate inaccurate results. Therefore, high-quality data is urgently needed to draw more accurate conclusions.
In conclusion, our meta-analysis revealed that IGF-1R was associated with smoking status and highly expressed in SCC comparing to other kind of NSCLC, furthermore, we found that elevated expression of IGF-1R was significantly associated with poor clinical outcome. However, considering the limitations of individual study, more standardized prospective studies with high quality and large-scale are still needed to to validate our results.
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